obals.pas

SoftRockstrucll) .DistAer

AW - see Delow

read in the values for the array HardRoch3true from the flle Rardroct . tat

for | « 1 to MmDenstones
read in
NacrdRookStzuc{l] .Denstty
RasdRockstxuoil) . FeedUpd
RardRockStyuali] . DistDod
RaxdhockBtsuo(l] . FesdBur
NaxdRookBtxucl|i]| .Disthur
RardRoakstsuo{i) . FesdAer
Bardhoorstxua(i) .Disther

43V - sce below

read in the values for the srray ManholeCost from the file mhcost.txt:

Mmianholesisas - 0

for each lina in the file
le8ises -~ MmManholeSises ¢+ )
read in
MapholeCost [Numianholegizes] . DuctCap
ManholeCost [Mmianholefises) NormalCost
ManholeCost [Numdlankolesises) . 8oftCost
ManholeCost [umManholesizes] . HasdCost

read in the values for the srray Manholaspac f{rom the file mhapacea._tnt:

for L =« 1 to MNumbDensfones
read in
ManholefSpacii} . Density
ManholeSpsc|l).Manholespacing

*\V - see below

read in ths values for the array DlstPlantMix from the file distrmin.txt:

for £ =1 to MmbDeastones
read in
DistPlantiix|i).Deasity
DistPlantMinii] . DpdPat
DistPlamtitiall) . PurPot
DistPlantiinli] . AesPat

LAY — see Delow

read in the valuas for the array CopFeedPlantMix from the file fdrmix.txts

globals.pas

for § = } to Mmbenstfones
read In
CoplesdPlantiix|i). Density
Copreedrlantiix(|).DgdPot
CopleedPlantMix|l).BurPct
CopreedPlantMix{l].AacPct

W - see below

read in the values for the array FibFeedPlantMix from the file fdrmix.txt:

for i = 1 to MmbDensfones
read in
FibreedrlantMix(i).Denesity
Fibreedrlantiix|i) . DgdPct
ribresdrisntmix(i}). Bacpct
ribreadrlentMixi{l).AecPat N

SV - The flie (drmintat it used to pepulste boih the CopFeedPlantMls array, and the FIbFeedPiantMin array. If these
sreays ars meant (o be ldentical, them anly one of the areays should be used. I they arc separate because of the possibility
that ihey might contala different dats, then separate tai files should be used to populate them. The way bt ls now, they will

always be Menticsl

W - see below

r1ead in tho values for the array FillFact from the file fl)llfact,une:

ftor | =« 1 to mbDensfones
‘read In
Iriliraot(i].pensity
ritlractii}.FesdFitlfactor
Fillract(i).DisctFillFactor

W - see below

read in the valuas for the array Sharing from the flle sharing.txt;

for 1 = 1 to MmDensfonss
read in :
sharing(i) . Density
Shacing{l] .buc sharce
Sharing(1] .ugd share
Sharing(l).aexr_share

W - et Delow

read in the vaules for the array SurfText from the file solltx.txc:
MmTextypeas - 0

for each line in the file
MmTanfypes =~ MumTaxTypes ¢ |



slobals.pas feeddist.pas

read in program fesddist

SurfTaxt [MumTaxTypes). Taxtura

SustText [MumlaxTypes). iapact
prooceduxe proocess

passed varlablas:

“\Y — the flies softroack tat, hardrociuist, mhapace.tat, dlatrmistat, fdrmistat, Blilact.tat and sharing.ixt arc all sssumed te areaname

have the same number of density elements as the flle narmalixt. This requirement s never enforced.
local varlables:

rocedure[gétiétate data density

tocalsyagldniesn

Lig4ia

. make sure the file {areansme}.COO exists and has data

cddd ENE 4G Lowing Varlablay frbm‘the f1)e StdcqanTntT based ok tha!¢irrent state: open the file ocoosuinate_file with the filenama: [areanama).COO

takeiatd make sure the file (areaname).BIN exists and has data

1ines pés house open the tile gridfils with the filename: (areaname].BIN

n’oLlacu:Mtu !
make sure the file {areaname}.DEN exists and has data ‘
open the flle DENfile with the f(ilenams: [aresnama}. DEN

rocsdure DisposeTables

This procedure frees up memory used by the table argays. This is » memory mansgement 1€ both files exist and have data then continue

procedure only,
resd the values In coordinate_flle into CR
call get_uses_paramsters tylobal . pasj
call get cost:-data {ylobal.pas)
call get_state_data (global.pas)

i Flest, calculate distribution cost, Including SAI cost. We will |
i stage a2ll SA information In an array. }

1ines_served = sarc
oum RAs -~ 0

tor sach record in the file gridfile
oum EAs -~ oum SAs ¢ )
read a record from the ({ie gridfile {nto GR

call optimise SAI_sarrsngemant (distcib. pas)
pass variables:
SwitchX = GR,Switchx
SwitchY = GR.Switchy
GR - GR
“3A - SA
*9rid_lines _served - gxid lines_served

“W - These sre all global variabies being passed to and from the procedure.

dnsert the value raturned in SA Into the array SA_srray
SA_axzay|sm _SAs] ~ SA




sddist.pas

liges served - lines served + grid lines_served

next record

Reid ' from ' DENTile ‘into’ varlable'dénstity

call optimisze_feeder_ srrangesant

pass varlables:

SwitchX = OR.SwitohX
Switchy = GR.SwitchY
deneity RN 1M dehedty
num_SA°'» = num_SAs
*SA_array = SA_array
*feader cost

*feed aplita e ) )
<ugd_cable = feed ugd cable

*bur_cable
*asr_cable
*ugd_f iber
“bur_fliber
‘asr_tlber
*ugd_structrue
*bur_structure
caer_structrue
‘ManholeCost

tot fasdcost =’
! Now collect resulta and print

~W - These are all globe! vartables being passed te snd (rom the procedure.

tot_tterms

tot_ Ltexms

total investment
Total lines
tot_seslines
tot_buslines
tot_droplkest
tot_distfest
tot_fesdfest
tot_distcost
tot_dropcest
tot_ftoost
tot_ttcost
tot_fdicost
tot_aldcost
tot_dtoost
tot_sSpolioolines
tot_households

tdt fesdaoet {'Ledd splios oost

[ 200 TN N I

foed bur cable
fasd asx_cable
tood ugd flbex
feed bur_ fiber
feed ser_fiber

faed ugd structurs
feed bur_struoture
fesd ser_struotucre
FesdanholeCoast

26%0
2650
280
21850
2850
2850
2850
a0ro
2850
2850
2850
280
5650
830
28g0
a8ro

out.

(feoder.pas)

feeddist.pas

diat_ugd cable
dist buz_casble
dist_sex_cable
dist_ugd struoture
dist_bur structurs
dist_aex struature
DistManboleCost '
CalcCureedrill
CalcCubistrils
tot_DLC lines
tot_sals

tot_area

- 28X0
- 2OXO
- R8O
- 2850
- 50Z0
- XOro
- 2810
- 2&KO
- E8go
- 28X
- &8O
- 20K0

for 1 = 1 to num SAs

Total lines -~ Total lines ¢+ BA ssrayli).lines

tot _ttarms =~ tot tterms

¢ SA_axxay{i).ncPé ¢+ SA_arcay[i).uc2d4
* BA_arvay[i].snc6 « SA_asrxay[i].snc24

tot_fterms =~ tot fterma ¢ 5A array(1).n2016 ¢+ SA_arxay(i).n672
¢ SA_arcay[1]).n96 + SA arxay(i).o24¢

tot _reslines = tot_sxealines + 8A_array(i).ReslLinas

tot_buslines ~ tot _buslines + KA array(i).Buslines

tot ssis ~ tot_esaias ¢ M__arrny“l.n\nbcr__ot_nll

\tot_ares - tot srea SA_ssxayfi}).lines / BA srxayll).density

t:n__droptaat -
tot_discfest ~
tot_feedfeet -
tot_distgost ~

tot_dropcost -

tot_ftcost = tot_ftcost + &A_arcay[i).fibex terminal cost

tot_dropfast
tot_dliastfest
tot_feedfest
tot_distcost

tot_dropoost

¢ BA_arxayll].gxrid drop_feet
¢ BA_arrxayll}).grid llne fest

¢ 8A array{i].DilstToSwitch -

S.A_nrray{l),ljn.n

¢ 8A_arrayl[l].grid dilstribution cost

¢+ 8A _array{i].drop cost

tot ttcost - tot ttcost + KA array(l].t1 tesminal cost
+ SA arrgay(i) .n.cnnd..xy_nac-_co-t

tot _fdicost - tot_fdicost 3A_array(i).interface_cost

tot_nidoost - tot_nidcost ¢« SA_array(i).nid cost

tot dtcost - tot dtcoet 8A_arxay[i).drop temminal cost

tot_housebolds -~ tot housebolds + BA_arsay[i)].houssbolds

tot_sSpolAhcolines - tot_SpclAcolines + SA_srxay(i].Spolhccesslines



feeddist.pas

¢ BA_acray(i].SpclAccessDs! * 12.0

dist bux_cable = diet bur_cable + SA_srray(i}.bur _cable
dist _asc cable ~ dist_sexr cable + SA axxay[li).sex_ocable

dist_ugd cable - diast_ugd cable ¢+ SA_axxey[i].ugd cable
dlnt__uﬂ__ntmtura = dist_ugd stsuature ¢+ SA_arrayli).wgd struotuse

dist_bur structure - dist buc_structuse + SA_axray(4].bug_structuse
dist_asesr_structure = dist_aer_stxuoture ¢+ SA array[i].ser_stsucture
DistManholeCost - DistManholeCost + SA_arxay[i).ManholeCost

CsloCuDistrill - CaloCubist¥ill + SA _arsay[i].lines
* f111_faotor_fn(8A_arxay[l).deasity, 0) {global.pas)

Lt (8A_arsay(i) .n2016 + BA axxay([i).n672 + BA aszay[l) .n96 ¢ SA_array(i).a2d) -~ O
then CalcCuFeedrFill = CalcCuFesdrill + SA arxay(i].lines
* €111 factor_fn(BA_array[li).density,l) (global.pas}

it (SA_arxayli].n2016 ¢ SA_arxay[i].né72 ¢ BA_agrayll).n96 + BA_axxayl[l).a2d) > 0
then tot DLC linss - tot DLC 1ines ¢ SA_array[i].lines

next

Total iovestment ~ tot_feedcost + tot _distcost + tot dropooat ¢+ tot_ fdicost
+ tot_ttoost + tot fLtcost + tot nidcost + tot_dtcost

average investment - total investmeat / total_lines
avg_droplength ~ tot dropfeet / total lines
avg_distlength =~ tot _disetfeet / total lines

svg fesdlength = tot_fesdfest / total lines
CalcCuDletrill -~ CalcCuDistFill / total lines
CaloCureedrill ~ CaloCuFesdrill / total lines

call PrintOut
AHT OF MAIN PROGRAM
eck tor command line pacrameters - set the following variables
sAQARS
osaWindow

rboseOut
ePrimDist

1mCutofeDans ity = 0

n

fecddist.pas

if areaname ~ ‘batch' then
do_batch - true
open the file batchfile with the filename ‘batch.lst*

call process for sach sreanams in batchfilas {feeddiac.pas)
elae

call procass with areaname (teeddist.pas)
end 1 ,

SW - Pasaing a glebal varabie te the routine



distrib.pas

pas
).pas uc
be
Jy procedure used outside of this module is optisize_SAl_arcengesmenc ac
vs
bs
a3
URE soxtivsos ah '
frontage
ssaed varlablea; Line_teat
pct_ugqd
ra pcr_bur
rb pct_aey
his procedura 3orts tha arcays ra and sb into ascending order bassd oa the valuae of ra sgconntas ~ mgoountsr ¢+ )
iines ~ zoro N
tactor - z8ro0
dure ocaloulate smiorogsid cost ) drop_lanyth - zaro !
lines_per_iot - taro .
passed variasbles: total lots - xero
GR densicy - zero
A cable_cost - sero
microgrid_lines structures_cost ~ zero
NS5_Jots = ng_dins_feec -~ xero
EW_lots Fillfactor - za50
gauge ue - taxo
‘line_vector be - aaro
*tie_ln_vector ac - 2ero
‘vdim us ~ xzef0
*microgrld_cost bs ~ sero
*mg_line_feoet LE TN - zero
*drop_fest mh - zer0
“drop_cost ugd_cible - 2er0
“drop_tersinal coat bur_cable - sexo
*MG_nid_cost ser_cable = sero
*ugd_cable ugd_structute - zero
‘bur_cable bur_structure ~ ssro0
“aer_cable : any_structure -~ sex0
‘ugd_structure HManholeCost - xaro
‘hur_structure
tasr_structure tor & = 1 to 30
*Hanhol eCost Yine_vectorii] ~ saro
(is_ta_vectorii] ~ sero
next
local varlables:
. Sena iy fhvil—t—b 28 p——miarey rhdt tase S {CRyHbo reG Kb SHE - GR Ml oroGr i dEHF
fines Head1EY = sATdinslty
factor
drop_length ! Correct for (il factor )
lines _per_lot
total lots FillFactor - 2313 _faoter_fa(density,0) (@lobel.pas)
dansity
cable_cost it FlliFactor < 1,0e-6 then stop the program, Erfror ~ 'ERROR; Fill factor cao smail
steucture _cost
microgrid_llnes ~ aicrogrid_tines / Fllifactor

rilifactor

2



distrib.pos

total_lots ~ NS_lots * EW_lots
{f total_lots < cae then stop the program. Lrror = 'ERROR: Total lots < I°

linos _per_lot = microgrid Lines / total lots

{Starting at lowar left of microgrid, we walk north up every other lot line,
accumulating lines and cable. If we accumulate enough lines for a

new cable, we add it, repeating the exerclse until we reach either

the midpoint of the northern boundary.)

microgrid_cost = zaro
drop_terainsl_cost ~ sero
MG_nid_cost ~ zero
drop_cost - sero

lines = xero

line_fest = xexo
drop_feet = sero

L= 1

vdim = 0

loop while | <= EHW_lots
tactor = ons
lines = zero
y~1

S

loop while § <~ NS_lots
{ Take In lots on both sides, top and bottom, unless this I3 a alcrogeid )

{ border, in which case take in lots only on one side. If (t 18 the )
{ corner, take in only one lot. }

wif at the top of grid OR ihe far right of grid set foctor ia 2 lots
tt § = EM_lots or § -~ NS_lots then
factor = 2
else
factor -~ 4
end if

Zif ot the iop AND the far right of the grid (cormer). 1¢1 facior 10 | fot
1€ 1 - EW_lots and § - HS_lots then factor = one

lines = lines ¢+ factor * lines_per_lot

structure_cost = call struature_oost _fn fatructur.pas)

pass variables:

coppar_lines = tines
tiber lines -0
density = density
hardness = OR,hardness
depth_to_bedrock = GR.DepthTobBedrock
soll_texturs = GR.3o0i1Texture
Hinslope = GR.MNinSlope
Maxslope « GR.Manl3lope
HaterTh - GR.NaterTh
tesder_indicator -
cooper_indlicator ~ 1

-0

tiber_indlcator

23
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‘ugd_structure = us
‘bur_structure - bs
caer_structure ~ a3

*manhole_cost - ah

‘pet_ugd ~ pct_ugd

‘pct_bur - pct_bur
‘ ‘pct_aer ~ pct_aer

cable_cost =~ call dist_oable_cost {cable.pasy

pass variables:

1ines « linas
denlisty = denafty
qauge - gauge

‘ugd_copper =~ uc
*bur_copper =~ bc
‘aer_copper = ac

pct_ugd = pce_ugd
pce_bur =~ pce_bur
pct_aer = pcr_aer A

If § <= (NS_lots - 2) then {f{rontage of 2 lors)

frontage - (2 / NS_lots) * GR.MIcroGridNS * DistRoadFactor

mlcrogrid_cost =~ microgrid_cost + frontage

* {céble cost ¢+ structure_cost)
ugd_cable - ugd_cable * uc * frontage -
bur_cable = bur_cable ¢+ bc * (frontage
aor_cable « aer_cable ¢+ ac * frontsge
ugd_structure = ugd_structure + us * frontage
bur_structure = bur_structucre + bs * frontage
ser_structure = aes_structure ¢+ a3 * f(rontage
HanhaleCost = ManholeCoat +« mh * frontage

Iine_feet ~ line_feat + frontage * linas
drop _terminal_cost = drop_terminal_coat + call drop_terminal _cast fn
1zernlnal.p437 -

paas variables:
lines - factor
danaity - density
pct_ugd =~ pct_uqd
pct_bur =~ pct:bur
pCct_aer ~ pce_aer

lines per_loc

else if § = (NS_lots - 1) then {frontage of ! lot)

frontage ~ {1 / N3 lots} * GH.HMIcroGridNS * DistRosdFactor

microgrid_cost = microgeid_cost + frontags
¢ {cable_cost + structure_cost)

ugd_cable - ugd_cable ¢ uc °* frontage
bur_cable = bur_cable ¢+ bc * frontage
ser_cable - ser_cable + ac * frontage
ugd_structure =~ ugd_structure + us * frontage
bur_structure = bur_structure + bs * frontage
Aer_structure =~ aer_»tructurs + as * frontage

24
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ManholeCost ~ HanholeCost ¢+ mh * frontage

line_faat - line_fost ¢ frontage * lines
drop_terminal _cost = drop_terminal_cost ¢+ call drop_temminal oost_f£n

{terminal.pas) procedure ocAlculate_grid distribution_cost
pass variables:
1ines - factor * lines per_lot passed variablest
density - density GR
pct_ugd ~ pet_ugd 8A
pct_bur - pct_bur nuabar_of_SAls
pct_ser - pct_ser SAIX
SALY
*SAI_tines

‘qrid_distclbution_cost
“qrid_line_tast
*link_line_faaet

else if {J = N3_lota) then (a4t the border., only drop terminals; no cabling}

drop_terminal _cost =~ drop_terminal_cost + call drop_temminal_ocost_#n

{terminal.pas) *grid_drop_fest
pass varilablaes: +density
lines - factor * lines_per_lot ‘qrid_drop_cost i
density - density ‘Qrid_terminal _cost
pct_ugd -~ pet_ugd *grid_nid_cosat
pct_bur - pct_bur *diat_lines_servad
pct_aer = pct_ser *link_cost
‘tarm_cost
//move up 2 lot lines u ‘nc9é
‘nc2d

=302

end of § loop (loop while ] <= N3_lots) *MaximumDistances

*ugd_cable
‘bur_cable
‘asr_cable
‘ugd_structure
‘bur_structure
“aer_structure

mg_line_fest ~ mg line_feet + lline_feet
llﬁc_lcot - s8r0

vdim = vdim ¢ 1

line_vector{vdim] = lines

tie_in_vector|vdim] « (1 / EW_lots) * L * GR.MlicrogrldEw R
*‘HanholeCost
//move over two lot lines
1 =1 +2
end of 1 loop (loop while | <=~ EW_lots) local variablaes:
i
3
n
{ Now we need to calculate drops to customer locations |} X
microgrid_cost
drop _length -~ user lambda * 0.5 backbone_lines
- * aqrt{ sqri{l / NS_lots) * GA.MICroGridNs * DistRoadFactor ) maln bach_lines
+ 8qr({) / EW_lots) * GR.MicroGridEW °* DistRoadFactor }) 1ines
P + {1 - vees_lambda)* 0.3 * (I / NS_lots) * GR.HlcroGridNs {lag
* DistRosdFactor aldx
nidy
aindist

divider_col

{t drop_ltength > max_drop_length then drop_length ~ max drop leagth
- divider_row

drop_cost = total lots * drop_length * coet_per_drop_kt tots
drop_teet = total_lots * drop_tength sicrogria_iines
- EW_lota
N3 _lots

{ flnn)ly, calculate cost of nids for this atcrogrid )
microgrid_line_feet

MG _nid_cost = mid cost * total lots microgrid_drop_feet

13 n




NS

11
ble_cost
Tucture_cost
crogeid_drop_cost
crogrid_nid_cost
.crogeid_terminal cost
stal_lines
s _completed
1_lines
i}1Factor
ine_vector
ine_vectorl
Ine_veactor2
de_Lln_vector
;{e_in_vectorl
;le_ln_vector2
tdimt
vdim2
MaxDist
n9§
n2e
gauge
penalty
uc
be
ac
us
vs
a3
mh
prim_dlstribution_cost
prim_ugd_cable
prim_bur_cable
prin_aer_cable
prim_ugd structure
prim_bur_structure
prim_sex_structure
prim_ManholeCost
prim_tine_feet
prim_drop_feet
prim_dtop_cost
prim_nid_cost
prln_\tncs_sorvnd
prim_term_cost
prim_Heximumbistance
Lest
pct_ugd
pct_bur
pct_aer

This is a procsdure within the procedurae

psocedurs Acoumulate baokbone

distrib_pas

local variablas
%

pey_ugd

pct_bur

pcL_ser

vdinml ~ O
vdim2 - 0

Lf {1 > 0) and {(flagit, 3t = n) and (Lines{i,§} > O}
and (4 > rows_completedj then

{ {f microgrid below s populated }

lots = roundiGR . houssholds(i,j] * takerate]
+ round (GR.buslines(i{,i] / lines per_ busj

microgrid_linas » linesa(d, )} !

call lot_aividaflots, NS_lots, EW_lols | (lotdiv.pas)

call caloulats mioxogrid ocost {dlsecib.pas)

pass variasbles:

GR = GR
BA T LU 08N
microgrid_lines - microgeid lines
NS_lots - M3 _fots
T EHW_lots - tH_lots
gauge - qQauqe
*1ine_vector ~ line_vectorl
*tie_in_vector ~ tie_in_vectorl
“vdim - vaim}
*microgrid_cost - microgrid_cost
‘mg_line_feet ~ microgrid_line _feet
*dcop_faet - microgsid drop leet
‘drop_cost -~ ajcrogrid_drop_coat
*drop_terminal _cost ~ microgrid_terminal_cost
*MG_nld_coat - microgria_nld_cost
‘ugd_cable - uc
*buy_cable = be
‘aer_cable - ac
*ugad_structure - us
‘bur_structurce - by
‘asr_structuce - as
*nanholeCost = mh

grid_distcibution_cost =~ grid_distribution_cost + microgrid_cost * penaliy

AW - ared (o see f peaaity b belag spplied twice

grid_drop_cost ~ qrid_deop_cost + microgrid_drop_cost
grid_terminal_cost - geld_termina} _cost ¢+ microQrid terminal cost

grid_nld_cost ~ grld_nla_cost + microgeid aid_cost

bl



sirib.pas

grid_line teet = grid_line_fest ¢+ microgrid_line feet
grid_drop_feet - grid_drop_fest + microgrid_drop_taeet

ugd_cable - ugd_ cable + uc * penalty

bur cabln = bur_cable + bc * penalty

aer_ “cable - aer_ “cable + ac * panalty

uqd structure = uqd atgucture ¢+ us * penalty
bur_structure = bur_structure ¢ bs * penslty
aer_ Tatructure = sar_structure ¢+ 8s ° pensity
ManholeCost = ManholeCost ¢ mh * penalty

uc = sero

bc = 2050

ac = zero
us = géro
bs = sero
a3 = zerxo
mh « gero

end {f

<= GR.nrow) and (flagllel,§) = n}

e g+ )
and ({l+1) > rows_completed )

and (iines(i+), 1] > 0) then
{ it microgcid above I3 populated |

1ots ~ round{GR.households{i+1. 3} * takerats)
+ round (GR.busilinas{i+1,3] / lines_pes bus}

nicrogrid_linas = 1inastlel, 3}

call lot_dlvld-(lot:, N3_lots, EW_lots ) {lotdiv.pas)
call onlaulnt._}doroqud_ooat (distrib.pas)
plal variables:
= GR

LR AT -0
-Icroqud_\lnaa - microgrid_linss
NS _lots = NS_lots
EN_lots - EW_lots
qauge - gauge
*1ine_vector - line_vector?
stle_in_vector = tie_In_vector?
svdim = vdim2
*maicrogrid_cost = microgrid_cost
‘mg_line_feet ~ micragrid_line_feest
‘drop feat = microgrid_drop_faeet
*drop cost - nlcroorld drop_cost
“drop_terminal_cost = mlcrogrid_termlnal_coet
*MG_nld_cost - microgrid_nid_cost
*ugd_cable - uc
*pur_cabla - bec
‘aer_cable - aC
‘ugd_structurse = us
*bur_structure - by
‘ser_structuce - as

distrib.pas

*ManholeCoat - ah

grid_distribution_coat - grid_dlstribution cost + microgrid_cost * penalty
grid_drop_cost = grid _drop _cost + microgeid_drop_cost

grid_terfminal_cost - grid terminal cost + microgrid terminsl_cosc
grid_nid_cost = grid_nid_cost + microgrid nld_cosat

grid_line_feet = grid_line_(eet ¢+ microgrid linae_feet

gcid_drop_fest - grid drop_feet ¢+ microgrid_drop_feet

ugd_cable - ugd_cable ¢+ uc * penalty
bur_cable =~ bur_cable ¢+ bc * penalty

aer cobla - aer “cable + ac * penalty
uqd_llruclure - uqd structure ¢+ us * penalty
bur_structure = bur_:tructura + by * penalty
aer_structure = aer_stfuctuce ¢+ s * penalty
HanholeCost = ManholeCoat + mh * paenalty

uC = servo

bc = serxo

a4c = sero

U3 = 2&xo

bs « sgero

as =~ szero

nh ~ zero
end If

. if vdiml > 0 then
tor k =~ 1 to vdiml
line_vector (k] =~ line_vectorl|k)
tie_in_vector(x) = vie_in_vectorl{k}
dist_lines_served - dist_linss_served -
next - -

line_vectorl (k)

it vdim2 > 0 then

for X = 1 to vdim2
1ine_vector{vdiml+Xx}
tie_in_vector{vdimlex)
dist_lines_sarved -~ dist_lines_served
nexg

- line_vector2(k}
=~ tie_in_vector2{k)
line_vector2{k]

it (vdimlevdin2) > } then

call sort2vecs(vdimievdim2 ,tle_in_vector, line_vector) (distrib. pas)

end {f
{Being forward lines from previous microgrids |

structura_cost - call struotuse_ocost fn {structur.pas)

pass varlables:

3t by




rib.pas

cable_cost ~ call dist_cable oost

backbone_lines

0

density
GR.hardness

GR.
.3oi1Texturs
GR.
GR.
GR.
0

GR

1
0

‘us
*by
s
‘mh

DepthtoBadrock

HinSlope
HaxSiope
NaterTh

*pct_ugd
‘pct_bur
*pct_aer

{cable.pas)

pass variables:
backbone_lines

density

gau
‘uc
“be
‘ac

pct_uqgd
pct_bur
pct_aey

it (vdiml

ge

S

+ vdimZ) > 0 then

grid_distribution _cost = grid_distribution_cost

ugd_cable -

.

bur_cable «

asr_cable ~

+ absitie_in_vector(l}) * DistRoadFactor
*{cable_cost + structure_cost}) * penalry

ugd_cable ¢ uc * Abs(tlt_ln_vactor(ll) ¢ DistRoadractor
penalty

bur_

cable « bc * sbs(tie_In_vector(l]}) * DistRosdractorx

penalty

aer_
* penslty

ugd_structure =

bur_structure =

ser_strucCture =

cabla ¢ sc * sba(tie_in_vector([i}) ° DistRoadractor

ugd_structure + ua * abs(tle_in_vector{l]) * DistRoadractor
pendity

bur_structure + bs * abs(tle_in_vector{l)) ¢ Distfoadractor
penalty

asr_structure + a3 * aba{tie_in_vactor(l)} * DiatRoadractor
penalty

3

distrib.pas

HanholeCost

= HanhouleCoat

o mh o abs(tle in_vector{l}) * DiatRoadfactos

panalty

grid_line_feet ~ grid_line_reet + backbone_lines

tlse

{ No lines here, 30 cross microgrid |

* abs{tie_in_vector(l]) * DistRoadFactor

grid distribution_cost = grid _distribution_cost + ab3{GH.MicroGr)dEH)

* DistRoadFactor *
* penalty

(cable_coat + atructurd_cost)

uqd cable - ugd_cable ¢+ uc * abs(GR.MlcroGeidEW) * DistRoadFactor * penalty

bur_cable = bur_cablae ¢+ bc * abs(GR.MlcroGridEW)
aer_cable - aar_cable + ac * abs(GR.HicroGridEw)

ugd_structure =~
bur_structurae
aer_structure

HanholsCost

uc =
bc =
ac -
us =
bs =
as =
AN -

2810
tefro
1ar10
3ero
tero
810
taro

‘ DistRosdFactor * penaley
° DistRoadractor * penalty

ugd_atructure ¢« us * AbI{GR.MIcroGridEW) * DlatRoadFactor

¢ penalty

> bur_atructuse ¢+ bs

* a3 {CA.MIcroGridEn) * DiscRoadFaator
panaluy :

~ aer_structure + a3 ° aby(GR.Hi{croGridkH} * DlstRosdFactor

penaley

ManholeCost + mh * abs(GR.MICroGridEW) ° DistRoadFactor

penaley

grid_line_feat = grid line_feet ¢« backbone_lines * abs (GR.MicroGridEn)

end {(f

* DistRosdFactor

| Capture lines from thesa microgrids )

if (vdiml

¢ vdlm2) > 0 then

N



istrib.pas distrib.pas

ugd_structure = ugd_structure ¢+ usy
aba{tie_in_vector{i] - tie_in_vectorik-1})
DiastRoadFactor * penalty

backbons_lines = backbone_lines ¢ line_vector(l}

-

1I (vdiml ¢+ vdim2) >= 2 then

bur_structure = bur_structure + bs
abaitlie_in_vector{i) - tie_Iin_veccor(k-1})
* DistRoad¥actor * penalty

for x = 2 to vdial + vdim?
structure_cost = call struoture_cost_fn {structur.pas) .
pass varlables:
backbone_lines

0 ser_structure = ser_structure ¢+ a3
density * sbs{tie_in_vector{k] - tle_in_vector (k-1}}
GA.hardnass ‘ DistRoadFrsotor * penalty
GA ., DepthtoBedrock
GR, SoilTexture HanholeCost = HanholeCoat + mh
GA . HinSlope * abs{tie_in_vector|X) - tle_in_vector(k-1])
GR.MaxSlope ‘ DistRoadFactor * penalty
GR.HaterTh
0 uc - gego
1 bc - szero f
[ ac = zego E
‘us us - z8xo
‘bs bs - zero
‘as 43 = zero
‘mh mh = zerxo
*pce_ugd
*pct_bur “ Qrid_line_feet = grid_lina_feet + backbone_linas
‘pce_asc ¢ abs(tie_in_vector{k] - tle in_vector(k-1})
* DiatRoadFactor
cable_cost - call dl.t_uhlo_oo-t {cable.pas) backbone_lines = backbone_lines « line_vector (k)

pass varisbles:

backbone_llnss next X

density .
Qqauge - end §f ( 1f{vdima} ¢+ vdima2) >= 2)
*uc
‘bec { Bring foivard lines to neat mlcrogrids |
‘ac
pct_uqd structure_cost =~ call atruotura_cost_fn (structur.pas)
pct_bur pass varlanles:
pc_aer backbone_lines
o
grid_distribution_cost = grid _distribution_cost » density
- abs(tie_in_vector(k] - tie_in_vactor{k-1}) GR.hardnass
* DletRoadractor X GR.DepthToBedrock
* {cable_co3t ¢ structure_cost)*® penslty GR.So{lTexture
GR .MinSlope
. ugd_cable - uqd cable t+ uc GR_MaxSlope
’ « abs(tie_in_vector{k] - tle_in_vector(k-1}} GR.WaterTb
¢ DistRoadFasctor * penalty 0
1
bur_cable = bur_cable ¢ be 4
¢ abs{tie_in_vectorik} - tie_in_vector{k-1}) *us
* platRoadractor * penalty *bs
‘as
aer_cable ~ ser_cable + ac “mh
¢ abs{tie_in_vector|k) - tie_in_vector([k-1]) *pct_ugd
* DistRoadFactor * penalty *pct_bur
‘pct_aer
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rib.pas distrib.pas

grid_line_feat ~ grid_line feet ¢ backbone_ilnas
* abs (GR,MIcroGridi¥ - tie_in_vector~{vdimlevdim2})

cable_cost = call dist oable cost (ceble.pas) . * DistRoadFactor
pass variables:
backbone_lines vdiml « 0
deansity vdim2 =~ 0
gauge ,
*tuc end If (Lf (vdimlevdim2) > 0)
‘be
sac
pct_ugd and procedurce calculate_grid_distribution_cost
pet_bur
pct_ser
{matn procedure )
grid_distribution_cost ~ grid_distributlion_cost
+ abs{OR.MicroGridEW - tie_Ln_vector{vdialsvdim2]) mgcounter -0
+ DietRoadFactor * {cable_cost ¢ structure_cost) aicrogrid_cost - sero
¢ penalty backbone_lines - zero
asln_back_lines ~ sero )
) midx - sero ;
N aidy = sero
ugd_cable = ugd_cable ¢+ uc mindist -~ xero
+ abs{GR.MlcroGridew - tie_in_vector[vdimlevdia2}) lots - zero
* DistRoadractox * penslty aicrogrid_lines = ser0
. EW_lots - z8ro
bur_cabls = bur_cable + bC N3_lots - zexo
- + aba{OR.MicroGridEw - tie_in_vectorivdiml+vdiaZ}) nicrogrid_line_feet - serxo
* DistRoadFactor * penalty microgrid_drop_feet - sexo
Area - B850
ser_cable = ser_cable ¢+ ac cable_cost - sero
- « abs (GR.MicroGridiWw - tie_ln_vector~{vdimisvdia2]) structure_cost - z8r0
* DistRoadractox * penalty microgrid_dcop_cost - sero
aicrogeid_nid_cost ~ sero

-lcro‘:ld_tu;lnu‘cou -
total _lines -
grid_distribution _coat =
grid_lina_reet ~ sexo
link_line_reet -

ugd_structure = ugd_structure ¢ us
abs {GR.MlcroGridEW - tie_in_vector{vdimlevdia2])

* DlstRoadragtor * penslty

.

bur structure = bur_structure + bs
- « abs{GR.MIcroGridEW - tie_in_vector(vdimlevdim2}} grid_drop_feet sero
- piletRoadFactos ° penslty dansity - 2810
grid_drop_cost - sero
aer atructure =~ aer_structure ¢ 2% grid_teratnal_cost =~ aero
- + abs(GR.MicroGridEW - tie_in_vector(vdimlsvdin2])) grid_nid_cost - xaro
* piatRoadFagtor * penalty dist_lines_served - sero
HanholeCost = HanholeCoat ¢ mh dlvider_col -0
+ abs{GR.MLCroGrideW - tie_in_vector(vdimlsvdia2)) divider_row -0
+ DAstRoadFactor * penalty rows_cospleted -0
re -0
uc = zero nché -0
bc = xe8go nc2d -0
sc ~ zexo
us = szere ue - goro
bs = sero be - sexo
a3 = gsexo ac - S8L0
mh = ser10 us - z8r0
bs = sero

b N




irib.pas
a3 - E8IO0
mh - 2010
ugd_cable = sero
bur_cable = aerxo
ser_cable ~ sero
ugd_structure - sero
bur_structure - s8zo
acr:ltructuto - sasro
HanholeCost = xzero
1ink_line_fesc =~ saro

for { = 1 to 50
tine_vector|i] - sero
1ine_vactorlil] = sexo
1ine_vactor2(l] = zero
tie_in_vactocr{i] - sere
tia_in_vectorl(i] ~ sero
tie_in_vector2(i] - sero

next

for 1 = 1 to %0
for § = 1 to 50
1ines{i,j} = zaro
tlagii,j) ~ 0
next
nexe

Ar¢d =~ s0sx0
total lines - zero
dansity = sero

//cumulate lines and area for the grid
tor { = 1 to GR.nrow
for § = 1 to GA.ncol
2inee (i, 3} - OR.households(i,)) * takesate * lines pesx_house

+ OR.busiinesfi,bi)
//10oks like this Is an attempt to sremove D51 lines
- (13 / 32) ¢ (1 - SpolAccesshatio)* pot del ¢ GR.buslines(s,))
- (13 / 12) ¢ pat _lsa ¢ SpalAcosssRatio ¢ OR~.buslines|i, 3}

W GR.buslines was modified In the oplimlze_SAI_srrangemeat proceduse

if lioesfl, 3} > O then
sres - ares ¢ GR MICIoOcidXN * GR MicsoGxioWs /[ (3.20 * 5.28)
total_lines - total_lines ¢ linesii,)}

next 3
next |

it area > 0 than
density = totasl_lines / aces

aise
density = t1e10
end it
{Firat, we need to determine which microgrids are attached to which SAI |

for § = 1 to GR.nrow

distrib.pas

for § - 1 to GR.ncol

//781ag 18 used to Indicate which SAI
flagli, i) -1
midx = GR.LowerLeftX ¢+ (3 - 0.5) * GR.MlcroGridEn
midy » GR.LowarlLeftY ¢ (i - 0.%) * GR.MicroGridNs
mindist ~ abs{mldx - SAIX{1}) ¢+ abs{midy - SAIY{1}}
for n = 2 to number_of_SAls
it (abs(midn - SAIX|n)} + abs(aldy - 5A1Y(n])) < mindiat then
mindlise - abs{mide - SAIX{n}l}) ¢ aba(midy - SAIY{n]}
flagli,3) = n
end it
next n

next §

next {

tor n = 1 to number of_3SAls

SAI_lines{n) =~ sero

Hanbisc{n] = szeso

for 1 =~ 1 to GR.nrow

for § = 1 vo GR.ncol

e (£1ag1L,3) - n ) and tlines(i,3) > O) then
SAI_lines(n}l -~ SAl_lines{n] + 1linesil,3)
//why don't these calculations use the same format as above?
midx = GR.LowerLeftX + § * GR.HicroGridEW - bhalf - GR.MicroGejdEW
aldy - GR.LowerleftY + | * GR.MicroGrldNS - half * GR.MicroGridNS
//should use global max{() function
Lf (abstmidx - SAIX[n}) ¢+ absimidy - SAIY|[n}))
* DiscRosdractox > HaxDist*[n) then
HaxDisL{n] = (sbs{midx - SAIXIn)) ¢« ab3 (mldy - SALYIn])y
* DiatRoadFsator
end if

end if
nant 3

next 1|

next n

*W . Not secessary to lsop threught enilra grid structure twlce to find min, max distances

HanimumDistance = HMaxDist|l)

for n = 1 to numbar_of_3SAls

it HanDist{n} > HanimumDistance then MaximusaDistance =~ HaxDilsc{n)

next n
| Now flag polints to the nearest SAI for each alcrogrid cell. ]
| We are now teady co calculate bachbones. 1

grid_drop_cost =« gero
grid_terminal_cost = serv
grid_nid_cost = serxo
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grid_distribution_cost = zexo
9rid_line_teet = sero
9rid_drop_feet = serxo
dist_lines_served « gero

for n = 1 to number_of_ SAl»

{ First, calculate the gauge needed. )
L{ HaxDlet{n} > copper gauge_xover then
qauge = g24
else
gauga ~ 926
end if

{ Now we handle any situations where customars are (0o far from an SAI )

it MaxDist[n} > max copper distance than
penalty - HaxCopperPenalty

else
penalty = one
end 1f
{ We now need to divide the SA Into quadrants with the SAI )
{ serving a3 the "origin.” P )

divider col = round{abs({SAIX{n) - GR.LowerLaftX) / GR.MlccoGclidEwW)
divider row = round(abs(SAIY[n} - GR.LowerlLeftY} / GR.MicroGridns)

{ Below, we calculate for the reglon south of the SAf )

1t =1

main_back_lines -~ ssro
vdial ~ 0

vdin? = 0
rous_coapleted ~ 0

rc =0

100p while | <~ divider_row

rc = | ¢t
backbone_lines ~ sexo
vdimt = 0
vdin2 - 0

7 31f divider_col > 0 then
for § = 1 to divider _col
call aocgusulate_backbons
next
end 1t

{from western border to SAl column)
{distrib.pas)

main back lines = main_back_lines ¢+ backbone_lines
bAclSonQ‘Tlnoa - 1aro

vdiml = 0

vdim2 = 0

distrib.pas

{f GR.ncol > divider_col then
for § = GR.ncol downto divider_col + | [from eastern border to SAI columnj
aooumilate_backbons {distrib . pas)
nant
end {f

‘

main_back_lines - main back_lines + backbone_lines

It 1 = divider_row - 1 then jonly one microgrid depth)
structure_cost ~ call struoture_ocost_fn
pass variables:
maln_back_lines
0
dansity
GR.hardness
GR.DepthToBedrack .
GR.Sol1Texture
GR.MinSlope 5
GR.MaxSlope
GR.HaterTb
0
1
0
cus
*bs
“as
*mh
‘pce_ugu
*pct_bur
‘pct_aer

{structur.pas)

cable cost - call diet_ocable ocost
N pass variablea:
main _back_lines
dansity
qauge
‘ug
*be
cac
pct_ugd
pct_bur
pct_aar

{cable.pays)

9rid_dletribution_cost - grid_dlatcibution_cost ¢+ GR.MlcroGeldus
* DistRoadractor
* {cable_cost + structure_cost} * penalty

*W . lookus like cable distance penalty s alss applicd to structure costy, alsa why Lan't penalty applicd 10 cable aver crltlcal
dlstance

9rid_line_feet = qrid_tine faet ¢+ main_back_linaes
* GR.HicroGrldNs * DistRoadFaator

ugd_cable = ugo_cable ¢+ uc * GA.HICToGridNS * DistRoadractor
* penalty
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bur_cable ~ bur_cable ¢ bc * GR.HicroGeldMd * DletReadrsater

* penaley
asr_ceble = aer_cable ¢+ sc * CA.Micrelsians * Blsthesdlsqios

* penalty

vgd_structure = ugd_structufe ¢ we ° CR . MicroCyriaws
DistRoad¥astes * pensity

bur_structure = bur_structuse ¢ Bs * GB.WicroCslians
* Distioadlaoter * pensity

aer_structure =~ aar_structure ¢ ss * GA MicroGridNs
* DistRoadrsotor * penalty

HanholeCost =~ HanholeCost + mh * GR.MicroGridNS * DlatRoadFactor
penalty

else if 1 <> divider_row then {two microgrid depth)

structure_cost = call strusturs_oost_fn ) {steuctur.pas)
pasa varisbles:
ssin_back_lines

0

density

GR.hardness K
GR.DepthToBeadrock
GR.S0L1Texture
GR.Min3lope
GR.MaxSlope
GR.HaterTh

0

1
0
‘us
‘bs
‘as
*ah
‘pct_ugd
*pct_bur
*pct_aer
cable_cost = call dist_oable_cost {cable.paas)
pass variables:
main_back_lines
density
gsuge

- suc

*be
‘ac
pct_vgd
pce_bur
pct_aer

grid_distributlon_cost = grid _distribution_cost
v+ GA.MlcroGridaNs * DistRoadFactor * 2

¢ (cable_cost + structure_cost} * penalty
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geid_line_feat =~ grid_line_fest + 2 * main_back_lines
* GR.HicroGridNS * DistRosdFactor

ugd_cable = ugd_cable ¢« uc * 2 * GR.MlcroGriols * DlstRoadFactor
penalty

.

Yur_cable = bur_cable +« bc * 2 * GR.MicroGridN3 DiscRosdFactors
* penalty

dar_cable ~ ser_cable ¢+ ac = 2 * GR.MlcroGridNS DistRoadFactorx
penalty

ugd_structure = ugd_structure ¢ us * 2 * GR.HicroGridns
* DistroadFscotor * penalty

buc_structure = bur_structure ¢ bs * 2 * GR.MiCroGridns,
DistRoadractor * penajry

4er stLructure = per_structure ¢ as ° 2 * GR.MIcroGridus
* DistRoadFactor * penalty

HanholeCost - ManholeCost ¢« mh * 2 * GR.MicroGridns
* DistRoadFsctor * panalty

{ run backbone down every other 1ow )

end loop (loop while i <= divider_row)

fows _complated -~ rc

{ Yow we need to calculate for the reaglon north of the SAI |

i = GR.nrow - 1}
sain_back_lines - szaro
vdiml ~ 0

vdim2 - 0

loop while (1 >~ rows_completed)

backbone_lines ~ iero
vdiml = 0
vdim2 « 0

it divider_col > 0 then
tor § = 1 to divider col
call aocoumilate_bsokbone
next
end {f

| from western border to SAI column )
{disctrib.pas)

main_back_lines ~ main back_lines + backbone_lines
backbone_lines - sero -
vdtal -~ 0

vdim? = 0
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i GR.ncol > divider_col than
tar { = GR.ncol downto divider_col + | {fcom eastacn bordec to SAI column}
cal}l asocousuiats_baokbons {diatrib.prs)
next
end if

main_back_lines ~ main_back_lines ¢ backbona_iines

{only one sicrogria depth }

i€ (i = divider_row s 1} then
(stouctur.pass)

structure_coat = call atruature_aost_fn
pass vachables:
mafn_back_iines
a
denslity
GR. hacdness
GR.DepthtoBedrock
GR.SollTexture
GR,HinSiops
GR.Maxuslope
GR.Watar?th
0
H
0
‘uy
‘bs
‘as
+mh
‘pct_ugd
*pee_bur
‘pct_aer

cable_cost = call dist_osble_coet fcable.pas)

pass variables;

main _back_iines

densiry

Qauge

tuc

*be

‘ac

pet_uqd

pct_bur

pct_ser

grid_distributlon_cost = 9rid_distribution cost 4 GR.HicroGridNs
* pistRoadFactor
* {cable_cost ¢ structure_cost} * penalty

grid_line_feat = grid_line_feet + main back lines
- + Gh.MIcroGridNs ¢ DistRosdraater

ugd_cable = ugd_cable ¢ uc ¢ GR.MicroGridNs ¢ SistRoadisctos
* panalty

bur_cable = bur_cable ¢ bc ¢ GR.MicraGridNg * DistRoadFactox
¢ penslty
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dar_cable = say_cable + &C * GR.MICTOGrigHs *

¢ penalty

ugd_structure = ugd_styuctura + us

¢ penalty

bur_structure « bur_ structiute ¢ b

* ¢ penalty

fear_atructure = aer_struclturs + a3

* penslty

DiatRoadFaotor

¢ GR.MICroGridns * DistRosadFagtor

* GR.HMicroGridNs * DistRosdFactor

* GR.HICcOGridNE * DlstRoadraotor

HanholeCost ~ ManhaleCost + mh * CRMicroGridKS * pletRosdFactor

* penaity

else if t <> divider_row then

structure _cost ~ call structura_cost_tn

pass variables:
main_back_lines
4]

density
GR.hardness
GR.DepthTaBadrock
GR.5011Texturs
GR.HinSlope
GR.Hsnsiope
GR.HaterTh

]

i

V]

*us

*ba

tas

*mh

‘pct_ugd
‘pct_bur
cpct_ser

cable_cost ~ csll dist_pable_coat
pass varishlas:
matn_back_lines
deanity
gauge
*uc
*bc
cac
pet_ugd
pct_bur
pct_aerx

{tvo sicrogrid depthi

fs(ruc(ur.pa:/

{cable.pas)

grid_distribution_cost = grid _dfstributfon_cost + GR.MicroGriaNns

¢ 2 ¢ DisthoadFactaor

* (cables_tost + structure_cost) * penalcy

grid_line leat - grid_line_feet + 2 * maln_back_lines * GR.HicroGeldNs

* DlatRoadfactor
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ugd_cable = ugd_cable ¢+ uc * 2 * GR.MicroGeidNS * DiatRoadFfactor
panalty

bur_cable = bur_cable ¢+ bc * 2 * GR.MICroGridN3 ¢ DistRosd¥actor
penalty

aar_cable = ser_cable ¢+ ac * 2 * GR.MicroGridNs * DistRoadF¥actor
¢ penalty

ugd_structure = ugd_structure ¢ us * 2 * GR.MicroGridNS * DilstRoadFactor
psnalty

bur_structure = bur_structure ¢ bs * 2 * GR.HlcroGridNS * DistRosdfactor
penalty

aer _Structure = aer_structuréa + a3 ° 2 * GR.MicroGridiS * DistRoadFactor

* panalty \
HanholaCost - ManholaCost + mh * 2 * GR.MlcroQGridNS * DidtRoadractor
¢ penalty
end if
1t =1 -2 { run bsckbone down every other sfow |}

end loop (loop while (1 >= rows_complated})

next n

grid_line_feet = {grid_line_feet / dist_lines_served) * total lines

it UsaPrimbDist or (density < 380 primCwtoffDensity) then

prim_distribution_cost - sero

prim_ugd_cable =« sero

prim_bur_cable -~ zero

prim_aer_cable = sarvo

prim_ugd_structure =~ sero

prim_bur_structure =~ serxo

prim_ser_structure = seso

prim_ManholeCost - zero

call olloulnt._pttnhdlntrLbutAon_oon: iprimdist.pas)
pass varlables:

GR

number_of_3Als

SALX

SALY

donsity

FillFactor

1ines

flag
*prim_distribution_cost
‘prim_line_faet
‘prim_drop_feet
“prim_drop_cost
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*prim_nid_cost
‘prim_lines_served
‘prim_term_cost
*prim_MaxisumDistance
*prim_ugd_cable
‘prim_bur_cablp
‘prim_ser_cable
‘prim_ugd structure
‘prim_bur_structure
*prim_aar_stgucturae
*prim_ManholeCost

il (ac_ugd cop * prim_uqgd cable ¢+ ac_bux cop * prim_bur_cablae
+ #c_asr cop * prim_ser_cable s+ ac uvod struc prim_ugd_structure
+ ac_bur strxuc * prim_bur_structure + ac_aer struc * prim_aer_structuge
+ ac_Manhole * prim_ManholeCost) o

<

(ac_ugd cop * ugd_cable + aa_bur cop * bur_cable
+ ac_asr_cop ° aer_cable ¢ ag ugd struc ° ugd_structure
+ Aq_bur_ltxvo ¢ bur_structure » a0 _seéx_struc * ser_structury
¢ ac_Maahole * ManholeCost)

then
grid_distribution_cost - prim_distribution_coat
ugd_cable = prim_ugd_cable
bur_cable = prim_bur_cable
38r_cable = prim_aer_cabla

~ uq9d_structure ~ prim_ugd_structure
bur_structure = prim_bur_structure
ser_structure - prim_szer_structure
ManholeCost = prim_HanholeCost
grid_line_feat =~ prim_line_feet
grid_drop_feet = prim_drop_feet
grid_drop_cost = prim_drop_cost
grid_nid_cost = prim_nid_cost
orid 1ines served - prim_lines_served
grid_termlnal _cost = prim_tetm_cost
HaximumDistance = prim_MaximumDistance

end 1f

end {f

iNow we need to handle the connection between the primary and sacondary SAIs.)
INe minimize structure cost In connacting the SAls using the algorithm suggested)
iby Prim, Bell System Technical Jousnal, 1957. )

call get_link_ooat (primsat.pas)
pass variables:

number_of_SALS

1.8

SAI_line»

saix
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distrib.pas

istrib.pas
saly nc9é
donsity nc2d
*iink_cost HaxisuaDlstance
‘term_cost uc
*1ink_line_feet bc
*nc9hé ac
*ac2d us \
*uc bs
‘be (Y}
“ac sh
‘us SAI_lines
*bs link_line_Clest
‘as
*mh
SA.SwitchX - GR.SwitchX

SA.SwitchY = GR,Switchy

SA.Reslines - GR.gHouseholds * takerate * linas per house
SA.Buslines = GR.9Businesslines

SA.1ines =~ SA.Reslines + 3A.BuslLines

SA.DepthToBedrock ~ GR.DepthToBedrock

SA.Hardneas = GR,Hardness

grid distribution_cost = grid distribution _cost ¢ link_cost + term_coat
ugd_cable ~ ugd_csble ¢ uc
bur_cable = bur_cable ¢ bc
asr_cable = ser_cable ¢+ ac

ugd_structure = ugd_structure + us
bur_structute = bur_structure + bs SA.Sol1Texture ~ GR.SoilTexture
aer_structure = ur:ntructuu ¢ as SA.HaterTh = GR.WaterTh
ManholeCost = ManholeCost ¢ mh SA.HinSlope - GR.MinSlope
SA.HanSlops = GR.HaxSlope
“ SA.quadrant = GR.qQuadrant

V¥ - docin't appear that distance for linking cables are carried forward
i Calculate speclal access and switched D51 llnes |

SA.S8pclAccesslines - SpolAccessRatio * GR.gBusinesslines

;oosdure optimite SAI_arrangament
- SA.SpclAccessD3l ~ SA.SpclAccessiines * pot lsa
passed variables: SA.SpCilAccasslinas = SA.SpclAccesslines - SA.SpclAccessDsi
SwitchX SA.SwitchedDS] = (GR.gBusinessLines - SA.SpclAccesasLines) * pct del
switchY GR.gBusinesstines ~ GR.QBusinesslines - round{SA.SwitchedD31 + SA.SpclAccesaDsi)
GR 5A.Households = GR.gHouseholds
* SA
* grid_lines _sexved
- { Need two copper lines for each DS1, which carries 24 channels |

W . ael sure what thls accomplishes, walls are lnes*Vechannel
SA.SpclAccessDS) ~ SA.SpclAccesaDS) * 2/24
local variablas: SA.SwitchedD31 = SA.SwitchedDS1 * 2/24

; SA.nuaber_of SAls -1
number_of_SAls SA.Grid_Distribution Cost ~ xexo
X - SA.MaxDlstance ~ gero
Y SA.n2016 -0
distribution_gqauge SA.né12 -0
grid_disteibution_cost SA.n% -0
grid_line_feet SA.n24 -0
grid_drop_feet ::.:2;: - g
::2;‘;’”& SA.sncoé -0
drop_t.r-lnn_cou SA.snc2d - 0
nid _cost SA.flber_terminal_cost - xexo
mincost SA.t1_terminal_cost - zexo
link_cost SA.secondary_tterm_cost -~ serxo
term_cost SA.interface_cost - sexo
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distrib.pas

trib.pas
SA.drop_cost - 2810 xil) = GR.cxd(4)
SA.ald_cost - 28r0 yil] = GR.cytll}
SA.drop_terminsl_cost - sero next
SA.grid_line_leet - safr0
SA.qrid _drop_feet - sero end Case
SA.density - z8r0
SA.DapthToBedrock - zero for | - nulber_of_SAls + 1 to ¢
SA.Hatertd = zer0 x{i} = GR.cxill)})
SA.Hinslope - zefo yl8) = Gh.cyd(t)
SA.ManSlope - zero next
SA.DistToSwitch - gero
SA.ugd_cable - 2010 grid_distribution_cost « zsro
SA.bur_csble - s8xo0
SA.aer_cable - saro call oslgulate _grid distributlion_cost {distrib.pas)
SA.uQd_structure - ge@ro pass variasbles;:
SA.bur_structure = zero GR
SA.aer_structure - zex0 SA .
SA.ManholeCost _ - sexo aumber_of_SAls ,
saipeasity FiSIET 0N U - (GRIDedalLY X -
Y
*SAL_lines
for { » 1 to 4 “grid_distribution_cost
SA.SAI_lines(i} =~ serxo ‘grid_line_feot
next *iink_line_feet
. *9rid_drop_feet
mincost = 1.0e+16 “ *density
‘drop_cost
for number_of_SAls = 1 to max SAIs do “drop_terminal_cost
grid _1ines_sarved - sero ‘nid cost
*grid lines_served
SA.TypeOtSAL[1] = primary “link_cost
. '(arn_colt
it number of_SAls > 1 Cthen . *nc9bé
T < enc24
for L = 2 to number_of_ S5Al3 *‘MaximumDistance
SA.TypeOtSAT{{] = secondary sue
next ‘be
*ac
case number of_ 3SAls ‘us
case 1 *‘ba
x{1} - GR.cx1 {1} *as
y(1] « GR.cyl|l} *ah
case 2
tor § = 1 to 2 1t (ac_wgd cop * uC + aa_bur _cop * bC ¢+ ac_aer _cop ° acC
x{i} = GR.cx2(}) + ag_ugd struc * us ¢ sg _bur struc * by Ad_Aoq_n:rua * as
Es y{l} - GR.cy2{}) + ag_msnhole * mh ¢« ac_t] term * term_cost) T mincost then
next
aincost = ac_ugd cop * uC ¢+ ag_bur cop * LC + ac_aex_cop * sC
case ) + 80_ugd stxrua * us ¢+ ag bur struc ° L3 ¢ aC_aeér_struc ‘ a3
tor t -~ 1 to 3 + 80 _manhele * mh ¢+ ag_tl term * term_cost -
w{l} = GR.cx3[1} "
yit) = GR.cyl(1) SA.numbar_of SAls -~ number_of_SAls
next SA.X - X
SA.Y - Y
case 4 SA.grid_distribution_cost - grid_distclbution_cost - term_cost
SA.secondary_tterm_cOst = Lerm_cost N

for i = 1 to ¢



feeder.pas

Jistrib.pas
SA_anc96 - nc9é feeder.pas
SA.3nc24 « nc2d
SA.grid_line_teat = grid_lina_feat the only procedure used outside of this module is optimize_feeder arrangement
SA.link_line_test = tink_line_feat
SA.grid_drop_fest = grid_drop_{leat
SA.denslry - dansity
SA.drop_cost =~ drop_cost function Li_distanocs
SA.drop_terminal_cost = drop_terminal_cost varisbles passed in:
SA.nid_cost - atd _oost x1
SA.MaxDistance = HaxisumDistance x2
SA.ugd_cabla - ue yl
SA.bur_cable ~ ba y2
SA.aer_cable - 8¢
SA.ugd_structure - us L1 _distance ~ abs(xl - x2) + abs(yl - y2)
SA.bur_structure “ bs
SA.aar_structure - a8
SA.HanholeCost = mh .
SA.1lnes_served - grid lines_sesved
funotion L2 distsnoe )
for L = 1 to 4 variables passed {n: s
SA.SAI_llnes(i} = SAl_ lines({} xl
next x?
end 1t vl
end if y2
next number_of_SAls
local constanta:

KFPerStatHL - 3.28
ScatMiPerHin - 1.1515
KinPerDegreca = 60

local varjables:
dag¥l
deq¥d
degxl
degXx2
cosa
alpha
deg¥l ~ yl / (KFPerStatHl * ScatHlPerdin * MinPecDeqres) + CR.Originy
daQY2 ~ y2 / (KFParStatMi * StatMiPerMin ° MinPerDegres) + CR.Orxiginy
dagXl = xl1 / (KFPer3tatHl * SctatMiPerHin * MinPerDegrae
* cos (CR.xofesxence_lstituda * pl / 180)) ¢+ CR.OrlginX

degX2 = n2 / (KFPerStatMl °* StatMiPerMin * MinPerDegres
¢ cos(CR.refarance_latituds * pl / 180)) ¢ CR.Originx

{ Here |s the formula to calculate the great clrcle arc, taken from )
{ Love, Morris, and Wesolowsky: |}

cosa ~ cos(deg¥l * pl / 180) * cos{deqY2 * pi/leo0)

CO3s = Ccoss * cos(idegXl - degX2) ¢ pl / 180}

€osa = Coss ¢+ sin{deqgYl = pl / 1080) “sin(degY2 * pt / 160)

3 34




pas

{sh3jcosal » 1.0e-§) then

alpha = ArcTen{aqre(l - coss * coss} / coss) * 180 / pi
se

aipha ~ 50.0
d it

! _distance = abslalpha * HinPerDagree * StatHiParHin ° KFPerStatMl)

lura optlnilo‘faodo:_.rrlnooncnt
ariables passed in:

witchX

witchy

lens ity

um BAs

'SA_acray

*{eeadar_cost

*fesd_splice_cost

*ugd_cable

‘bur_cable

caer_cable

fugd_fibar

‘bur_fiber y
caar_tibar

*uQd_structure

‘bur_structure

“ats_structure

*ManholeCost

locs! variablas:
i

3

X

[}

dmen

P’

Y
_teom
_to

cut_ord
pisttoNode
plactaswitch
teedar_distance
tcost
cable_cost
atructure_cost
Fillfactor
prisflle

ue

ve

ac

uf

ot

at
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fecder.pas

us
bs
a
ah

aC_structure
pce_ugd

pct_bur

pct_sar

rlon
ylag

this s » procedure within the procedure

proosdure oaloulste feedax_struature_costs

s

possed variables:
Switchx

Switchy

density !
*sLTUCtUre_Cost
‘FiliFacror
‘ugd_structure
‘bur _structure
‘aer_structure
*HanholaeCost
‘pect_uqgd
‘pct_bur

‘pce_aer

local variables:
i

totlines
fib_itnes
cop_lines
technology
n201é

n§12

n96

n24

us

bs

as

an

pu

ob

pa

{ This procedure calfculates an average structure cost for the feeder based

on aversge iine densfty for the feeder network {(gliven).}

totlines =~ sero
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.pos

for i =~ 1 to aum_8As
totlines -« totlines + SA_arcayll).limes
next |

FillFactor = Fill_Factor_fn{density,l) {glodbal . pas}

for { = 1 to MmbDensSonss
if {density >= Copleahlantiix(i].density} then
pct_ugd = CopFesdPlantMixfi).DgdPol
pct_bur = CopFesdPlantMixfli).BuzPot
pct_aar = CopFesdPlantMix]i}).AecPot
end It
next i

1f (pct_ugd ¢ pct_bur ¢+ pct_aer) < ome then
tprovisionally, sss3ign half of “"free* percentage to aserial, half teo buried }

pct_aer = pct_ser ¢ balf * {ome - pct_uqgd - pot_bur - pot _aer)
pct_bur = pct_bur ¢+ half ¢ {ome - pct_ugd - pct_bur - pct_ser)

and if

this 1s Incansfsteat with the way disiribution does this same thing, dlsl'a asslgas eaira 10 parilen with largot tmt

{ Now appronimate lesder tachnology based on distance to switch |

for 1 = 1 to num SAs
/énot sure what DistanceType 1
{f DistanceType « 1 then

tesder_distanca = call L1 _distancs *° FesderRosdragtos {feader.pas]
pass variablest
X3 = SA_arrayll).x[1)
X2 = SwitchX
Y} = 3A_arrayti).yfl}
¥2 = SuitchyY
else
teader distance - call L2 distance * FeedsacRoadFactor (feedec.pas)
| - pass vaclasbies:
X1 = SA_arrayi{i).n{i]
%2 = SwictchX
Y1 ~ SA scray(i).yll})
Y2 = swltchy
end it
ftach.pas)

cail oslaulate_feeder_tschnology
psss variablaes:

tasder_distance

1

b

feeder.pas

density
FillFactor
“technology
*n201§
612

*nd¥é

‘n2d .
pct_ugd
pce_bur
pct_aer

next |

{ Mow calculate line-welghted average structure cost and pct bur, aser, ugd. |

structure_cost - zérso
ugd_styuctusis = ssro

bur_structure - séso {
a4r_stcucture =~ sego :
HanholeCost - sero

pct_ugd -~ merée
pce_bur = maxo
PCC_aer - 2050

for 4 = 1 to oum SAs
1f SA_srray{i}.teeder_tecnhnology = fiber then
fiv_tines ={SA accay(i].02016 + SA array(l).n672 SA_acrayll).n96
¢ SA_arvay(i).n24) * 4

stfucture_coat = structure_cost ¢ 3SA scrayfi}.lines
> call structure_cost_fn

fpass varfables:
0
tib _lines
density
SA_srxay{i}.hardness
SA_array{i].DepthtobBedrock
SA_arrayll).SollTaxture
SA_arrayli) . HinSlope
SA_arxrayiil.MaxSlope
SA_arsay{!l].darecTh
1
0
1
*us
‘bs
“as
*mh
*pu
*pb
‘pa

{structur.pas)

uQd_structure - vgd_structura + 3A_arrayii}.lines * us
bug_structurs ~ bur_structure + SA array(ii.lines * bs

b1 )



:der.pas

ser_structure - aer_structure ¢+ SA _array(l).lines * a»
HanholeCost = HanholeCost + SA_arrayli).lines * mh
pct_ugd = pct_ugd + SA_arrayll).lines * pu

pct_bur ~ pct_bur ¢+ SA_arrayl(i).lines * pb

pct_ser =~ pct_aer ¢+ SA _arrayll).lines * pa

elae if SA_arrayli]).fesder_technology = t_1 then
cop_lines =~ SA_arcay{i]).lines / 12

structura_cost = structure_cost ¢ SA_array(i).lines
* call struoturxe_oost_fn
pass varlables:
cop_lines
0
density
SA_array{i).hardness
SA_array(i].DepthToBedrock
SA_array(i].soliTexture
SA_array(i).MinSlope
SA_array(i}.Hax3lope
SA_array{i}.WaterTb
1
1
0
‘us
‘bs
cas
*mh
“pu
*pb
‘pa

fstructur.pas)

3

ugd_structure = ugd_structure ¢ SA_array(i]).lines * us3
bur_structurs - bur_structure + SA_scrayli].lines * bs
ser_structure = aec_structure ¢+ SA_array(il.lines * as
ManholeCost = ManholeCost + SA_arcay(i}.lines * mh
pct_ugd ~ pet_ugd + SA_arrayii).lines ¢ pu

pet_bur = pct_bur + SA_array{i}.lines ¢ pb

pct_aer = pCt_sar ¢+ 3A_arcayli}.lines ¢ pa

else
structure cost =~ structure_coat + SA array(i).lines
- * call structurs_oost_fn

pass variablas:
SA_arcayi{i).lines
0
denslity
SA_array(i}].hardness
SA_arcay{l].DepthToBedrock
SA_arcay(i].SollTexture
SA_array{l).Hin3lope
SA_srrayli] .Max3lops
SA_srray{l) . HaterTb
1
1
0
*up
‘bs

{structur.pas)
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feeder.pas

*as
*mh
‘pu
pb
‘pa

ugd_Structure - ugd_structure ¢ SA_array{i).llnes * us
bur_structure = bur_structure ¢ SA_array{i).lines ¢ bs
ser_structucre ~ aer_structure ¢+ SA arrayl{i].lines * as

HanholeCost =« ManholeCost + SA_array(i]).lines * mh
pct_ugd = pct_ugd ¢ SA_array{il.lines ¢ pu
pct_bur = pct_bur ¢+ SA_array{i}.lines ¢ pb
pct_ser - pct_aser ¢+ SA_arrayl{i]).iines * pa
and it
next |

structure_cost =~ structure_cost / totlines
ugd_structure = ugd_structure / totlines
bur_structure - bur_structure / totlines
a4r _3trucCtufe =~ aer_structure / totlines
ManholeCost - HanholeCost / totlines
pct_ugd = pct_ugd / totlines

pct_bur = pct_bur / totiinas

pct_aer = pct_aer / totifines

procsduse revesrss oonvert

1

start

passed varlables:
nkt

ykt

raflon

raflat

S lon

‘ylat

10cal constenta:
EarthRadiue_meters = 636772)
KrPerHeter =~ 0.003208083909501312

local variablaes:
NSCirc
Cira

NSCirc = 2'* pl * EarthRadius_metard’* KFPerHetecx
ts
EWCizo i~ NSCirc * cos{reflat *-pl”/; 180V

y].g;-‘:'ylf"' 360° / NSClrc '~ réflat
xlon, = xk€!* 360 /. ENClrc '~ .reflon

of procedure calculate_feeder_structure_costs



Jer.pas

| Flrst, calculate structure costs to be used (n tree calculatlon. |
call caloulate_feeder_struoture_oosts (fender.pas)
pass variablaes:

SwitchX

Switchy

density

*structure_cost

*FillFactor

‘us

‘bs

"as

‘mh

*pct_ugd

‘pet_bur

‘pct_aer

ac_structure = ag ugd strus * us ag bur strua * bs ¢ ag_sar struq * &3
+ ag_sanhole * mh T}

| Now we need to set up che distance matrin to be used by PrimTree. |}
n o~ num fas ¢} “

x[1] = BultchX
yi1) = Switchy

for { = 2 ton
xif) = SA_arrayl(i-1).x(1}
yiil = SA_array(i-1}.yl1})
naxt

tor | = nel to n + Dum_BAS
x{i] = SA_arrAyll-l-nu-_tAsl.n(ll
yii) = Switchy

naxt

for | = n + oum Sas ¢ ) to n ¢ oum Sas ¢+ num SAs
wii) = Switchx
yli} = BA_lrruy(l-t-2'nu-_tA.].yll)

next

n=n+2* oum SAs
for L = I, ton

for § = 1 to 1
tf DistsncaType - | than
dmtx{i}[}} = csil Ll_distsnce * FeederRoadFactor

pass varisbles:
Xt = x{1i}

X2 = x{j}
Y1 o~ yli)
Y2 - yi})

.
dmtx{i)[§} = cal}l L2 _distance * FeaderRoadfasotor

{feeder.pas)

els
{feesder.pas)
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fceder.pas

pass
Xl =~
X2 -
Yl -
Y2 -

datx(}) (i} - dmtx
end {f
next §
next §

call prim_tres
pass vaciables:
n

datx

density
FillFactor
ac_structure

¢ from

* %o
*DistToNods
*Disttoswitch
pct_ugd
pct_bur
pct_aer

open the (ile primfile with f
wiite to primfile: ' from
for 1 = 1 ton

tall reverse oonvert ;'
plssing ivariables:

Hirtil,

1ig,Ch 0 {31n2
V'Cltgolironcoil‘tltudo

Fintod

AL

write to primfile: froal

variables:
x(i]
x(3)
yiil
y(3)

[ESEBY

(primfecd.pas)

flename = 'prim.asc’

_to Dtotiod DToSw x y'

ST AL I

Ly, * ', _to[ll, * *, DistToHode(l],

pistToswicen(il, * *, xlpa, ' *, ylat

EM("révarad  odnvertil,
‘padsing -variablas:

ettt S (feader. pas)

SONVRES T Ao R et T reedes. pas)

[PUPPrRr i) SR W PRSI}

{ Determine cuts by pruning branches |
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cr.pas

call pruns (prinfeaed.pas)

pass variableat
n=n

o = _to

*cut_ord = cut_ord

{Initlalize disaggregated structure Cost to pacr-Xf values.
frecurn total disaggregated stsuctvre costs. ]

ugd_structure = us
bur_structure = bd
aer _structure = a3
HanholeCost = mh

| Accumulate lines at each node, and sum total feecder cost }

call ousulate_lines (primfeed.pas)

pass variables:
n

_to

DistToNode
DistTo3witch
cut_ord
structure_cost
density
FillFactor
*(eeader_cost
*ugd_cable
‘bur_cable
‘asr_cable
‘ugd_fiber
*bur_fiber
*aer_fiber
*ugd_structure
‘bur_structure
*aer_structure
*ManholeCost
pct_ugd
pct_bur
pct_aer

for | =<1 to num SAs
SA_arrayli].DistToSwlech = pistToSwitchilsl}

nexy

Cumulate function will}

6)

structur.pas
SLructur.pas
the only procedure used cutside of this module {3 structure_cost_fn

funotion atxucture_cost_ fn

passed variables:

coppec_lines

fiber_lines

denaity

hardness

depth_to_bedrock

soil_tenture

HinSlope

Haxllope

HaterTb

fesder_indicator | tells us this is for feeder )
copper_indicator | tells us thers i3 copper )
fiber_lndicator [ tells us there §3 flber )
*ugd_structure

‘bur_structuce

*aer_structure

*‘manhole_casc

*pct_ugd

*pecr _bur

*pcu_ser

local variables:

i
crltrinx_dopth
s0i1_texture_indlicator

fiber _cables

copper_cables

NumberOfDucts

HanholeSpacing

uqd_share

bur_share

asr_share

fres_pct

pcr_ugd - Eeso
pce_bur - 2850
peL_sar ~ zexo
critical_depth - seso
soil_texture_indicaror = 0O
flbar_cables -0
copper_cables -0
HusberOfpucts -0
HanholeSpacing - garo
ugd_share - 20K0
bur_share - zosO
asr_shace - seso



